Introduction 37
Feline leukaemia virus (FeLV) is a gammaretrovirus of felids, and is not only of interest 38 for veterinary practice, but is also an important model for tumour and AIDS research 39 (Miyazawa, 2002; Onions, 1985) . FeLV-host relationships were revaluated recently 40 using sensitive real-time PCR methods and categorized with respect to proviral and 41 plasma viral RNA load in the peripheral blood of infected cats, and also based on the 42 presence or absence of virus in the blood and bone marrow as well as antigenaemia 43 (Hofmann-Lehmann et al., 2008; Hofmann-Lehmann et al., 2006; Torres et al., 2005) . infection, and progressive infection characterized by persistent antigenaemia and 48 positive virus isolation (Cattori et al., 2006; Hofmann-Lehmann et al., 2008; Hofmann-49 Lehmann et al., 2007; Torres et al., 2005) . In the latter four categories, all cats were 50 found to become positive for provirus and viral RNA, and the loads had a significant 51 association with infection outcome (Hofmann-Lehmann et al., 2006) . 52
The intra-host kinetics of FeLV were characterized 30 years ago using non-molecular 53 techniques (Francis and Essex, 1977) . The virus was found to initially target local 54 lymphoid tissues, where it infects lymphocytes and monocytes, causing a primary cell-55 associated viraemia that expands to the lymphoid tissues of the whole body within 56 approximately two weeks. Neutrophil and platelet precursors in the bone marrow and 57 small intestine crypt cells are infected within three weeks. This leads to a second cell-58 associated viraemia, including infection of circulating neutrophils and platelets starting 59 from weeks two through four post-infection and excretion in mucosal and gland tissues 60 from weeks four through eight post-infection (Rojko et al., 1979) . The more recent 61 development of sensitive FeLV-specific quantitative PCR assays has allowed the 62 determination of proviral and plasma viral RNA loads in FeLV exposed cats and, 63 therefore, the study of cats with undetectable antigenaemia and viraemia (Hofmann-64 Lehmann et al., 2001; Tandon et al., 2005; Torres et al., 2005) . Viral and proviral loads 65 were proposed to be implicated in the outcome of FeLV infection very early, but not 66 prior to week one post-FeLV exposure (Hofmann-Lehmann et al., 2001; Hofmann-67 Lehmann et al., 2006) . Nonetheless, the relationship between plasma viral loads and 68 the potential shedding routes for FeLV has not yet been investigated. 69
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Statistical analysis of the data was performed using GraphPad Prism (version 3.0, 132
GraphPad Software, San Diego, CA, USA). 133
Results

134
Five out of ten FeLV challenged cats developed a progressive infection as judged by 135 persistently positive p27 ELISA results, virus isolation from plasma and the absence of 136 virus neutralizing activity. Five cats developed a regressive infection. One of the cats 137 with a regressive infection showed transient antigenaemia, and four had undetectable 138 antigenaemia (Table 1 and Fig. 1e ). The latter five cats produced virus neutralizing 139 antibodies starting at week 6 after virus exposure (Table 1 ). In cats with progressive 140 infection, viral RNA was detectable before FeLV p27 antigen in all four investigated 141 compartments (Fig. 1) . In plasma and saliva, viral RNA was found as early as one week 142 post-infection, while p27 ELISA was only positive starting at week three. In faeces, 143
FeLV RNA and p27 appeared approximately one week later: RT-PCR was positive from 144 week two on, and p27 became detectable in week four. For animal welfare reasons, 145 urine samples were collected only every three weeks. In week three, FeLV RNA was 146 readily detectable in urine. All ELISA results from urine samples were negative 147
Page 7 of 18 A c c e p t e d M a n u s c r i p t Page 7 of 18 throughout the observation period. In virus isolation, a similar sequence of appearance 148 was observed in the four investigated compartments: in plasma, all cats with 149 progressive infection were positive at week three (first time point investigated), while 150 only one out of five animals tested positive in saliva. All saliva and faeces samples from 151 cats with progressive infection were virus isolation positive at week six, while the 152 majority of the urine samples became positive at week nine after virus exposure. 153
Interestingly, the cats with regressive infection were also found to be viral RNA positive, 154 at least transiently, in all investigative compartments. In order to detect a potential 155 association between the outcome of infection and viral RNA loads in saliva, plasma, 156 faeces and urine, the cats were grouped according to their infection outcome and their 157 loads were compared. The Cats with progressive infection had significantly higher 158 plasma viral RNA loads than the cats with regressive infection starting at week two 159 post-infection (Mann-Whitney U-test: pMWU < 0.05). Faecal and saliva loads were 160 higher from week three post-infection onward (both pMWU < 0.05), and urine loads 161 were higher starting at week six post-infection (pMWU < 0.01) in the cats with 162
progressive infection compared to cats with regressive infection. Virus isolation and p27 163 ELISA were negative in the saliva, faeces and urine of the cats with regressive 164 infection, with one exception where the sample showed a weak signal. 165
Comparison of viral RNA loads among different compartments was only possible in 166 samples collected quantitatively (e.g., plasma and urine samples). Plasma RNA loads 167
were not significantly different from urine RNA loads in either the cats with progressive 168 or the cats with regressive infection (Wilcoxon Signed Rank Test: pW > 0.05). 169
Nevertheless, a tendency was found in weeks 3, 6, 9 and 15 post-infection in the cats 170 with progressive infection in that plasma viral RNA loads were somewhat higher than 171 urine RNA loads (pW=0.0625). usually starts approximately four weeks after infection, subsequent to bone marrow 216 infection and secondary viraemia in neutrophils and platelets around week three (Rojko 217 et al., 1979) . The latter viraemia is presumably associated with the spread of the virus 218 to other compartments. FeLV compartmental kinetics in the present study also followed 219 this scheme: infectious virus appeared first in the plasma and subsequently in saliva, 220 faeces and urine (following the granulocyte-monocyte phase). This was also evident 221 when considering the association between infection outcome and viral RNA loads: in all 222 compartments, cats with progressive infection had significantly higher loads than cats In conclusion, these results indicate that urine, in addition to saliva and faeces, is an 250 additional potential means for FeLV transmission. We also show that FeLV shedding 251 via saliva, faeces and urine is subject to different kinetics during the early phase of 252 infection. These parameters must be taken in account in epidemiological models and 253 can be used to assess the risk that infected cats may pose to naïve cats. Moreover, 254 these results demonstrate that during early FeLV infection, detection of viral RNA in 255 saliva is a more sensitive marker of recent virus exposure than p27 detection in the 256 peripheral blood. The latter, however, is still the diagnostic method of choice to 257 determine the outcome of FeLV infection in exposed cats. 
